The research object of this paper is the isolated grid which includes thermal and wind power generation units and the load of submerged arc furnace. The boundary value of the wind turbine's capacity and submerged arc furnace's power form a number of the grid's extreme conditions, and we get the simulation results on RTDS paltform under each extreme conditions. The voltage and frequency responses of the system are analyzed, so it can be concluded whether the isolated grid could operate in a security state. This paper makes a decision on the safe operation of isolated grids under the extreme condition by RTDS, so it has a good application prospects.
INTRODUCTION
Southeast Asia plays an important role in China's " The Belt and Road Initiative ". Indonesia has the largest population in the area, and it's a pivot linking point with " The Belt and Road Initiative " strategy . 1 Indonesia is rich in nickel, iron and other mineral resources, since it is China's important nickel-iron importing source. But since 2011, the Indonesian government limits the export of high-grade nickel ore in order to increase domestic employment. Under this policy, a large number of high-grade nickel ore is processed before export in order to improve their domestic trade control of nickel and iron. China has long relied on imports of nickel ore from Indonesia, but after the introduction of this policy, the limitation on exports cause the supply shortage of nickel in China. Therefore, some Chinese companies build factories in Indonesia to improve supply chain. In 2017, there will be six rotary kiln-electric furnace(RKEF) process nickel-iron factories and 17 blast furnace nickel-iron factories established in Indonesia. These factories will have an annual capacity of 3 million tons of nickel, greatly easing the nickel supply shortage. 2 Indonesia has high-grade laterite nickel ore, but most of the nickel mines are away from the urban area or on islands. 3 Power supply becomes the most difficult problem that the nickel mines must be faced with. Indonesian power grid's capacity is insufficient and its structure is weak. 50% of residential electricity has not yet been guaranteed. It's impossible for the power grid to provide industrial electricity to nickel mines. Therefore, the establishment of a power plant is a prerequisite for the formation of a nickel mine. But the isolated grid capacity is relatively limited, the submerged arc furnace which is an important device in the nickel mine is characterized by frequent load fluctuations and large power consumption. 4 Therefore the whole load fluctuation will have a more serious impact on the frequency and voltage of the isolated grid, which can even lead to the loss of grid's stability. 5 There is no mature approach to assess the security and stability of isolated grids at present. Most proposed security and stability control strategies are targeted to those established isolated grids, and few strategies are used to evaluate unfinished isolated grids. In reference 6, a method is proposed to improve the isolated grid's stability by properly designing the parameters of frequency regulation and optimizing the over speed protect controller(OPC) operating characteristics. On the whole, this reference take only generators parameters into consideration and the characteristics of loads are neglected. An evaluation method of maximum wind power penetration based on frequency constraint is proposed in the reference 7, the grid's stability is analyzed from the perspective of wind power capacity, but its simulation is only limited to the Huolin River area. In reference 8,an isolated grid is formed by the reliability test system(RTS) network. This reference considers the impact of photovoltaic, wind power and battery reliability on isolated grids, so as to further analyze the impact of each generation ratio on the isolated grid. Although this reference considers all kinds of generation unit, but the analysis is based on the test network, it's has a strong limitation in this case. At the same time this reference ignores the impact of load uncertainty, so it can not represent the actual circumstances.
This paper presents an evaluation method based on extreme conditions, which can analyze the the stability of the isolated grid. At first, this paper establishes the isolated grid which includes thermal power and wind power generation units and submerged arc furnace as the main load. Secondly, the paper evaluates the security and stability of the isolated grid under extreme conditions, and then the simulation results are analyzed in order to determine the boundary of the isolated grid operation. After the above steps, this paper provides a solution that can determine the safe and stable operating boundaries to the isolated grids.
Based on the actual research results, this paper establishes an isolated grid with a thermal power capacity of 640MW, wind power capacity of 50MW and the submerged arc furnace load of 600MW. The isolated grid has a small installed capacity ,and the submerged arc furnace has a large load, so the grid has very little spare capacity. In this case, if any generator or load fails, system must use the security measures to make the isolated grid safe. According to the system model parameters, Real-Time Digital Simulator(RTDS) is used to establish the simulation model of the isolated grid. Based on this model, the paper researches the characteristics of frequency and voltage under different extreme conditions and put forward the corresponding control strategies.
Research on RTDS Modeling and Isolated Grid
RTDS is a real-time all-digital electromagnetic transient power system simulator, which can simulate the electromagnetic transient process in detail. In the research of power system, the RTDS simulation results are closer to the reality and better references.
Compared with other electromechanical transient simulations such as PSASP and BPA, matching power amplifiers, analog circuit breakers, and protection devices can be connected to RTDS. So it can really achieve the combination of digital simulation and physical simulation, and make the simulation results more intuitive and applicable.
According to the actual system model, the RTDS model constructed in this paper is shown in Figure 1 . The power generation equipment of the isolated grid consist of six thermal power units and a wind turbines, the total installed capacity of generation is 690MW. The load consists of three parts: the plant power load, the public auxiliary load of the mine and the submerged arc furnace. The total load of the isolated grid is 600 MW. When the isolated grid is operating normally, the power flow distribution and the frequency fluctuations are in the normal range. The most ideal situation is that when the submerged arc furnaces slag or discharge and the load reaches its maximum value, at the same time the output of wind turbine also reaches the peak, then the power flow will remain in a stable state. 9 When the submerged arc furnace's motor is blown or its electrode is short circuit and the load reaches its minimum, at the same time the capacity of wind turbine reaches the valley value, then the power flow of the system will also remain in a more stable state. But in actual situation, sometimes the generators contribute more but the load required fewer power, then the isolated grid needs to adjust the parameters and even carry out the necessary security measures in order to make the grid in a safe and stable state. Therefore, it can be seen that the generation capacity of wind turbine and the fluctuation of the submerged arc furnace are the important factors that affect the stability of isolated grid. In the following parts,
RTDS is used to simulate various extreme conditions of the grid and the frequency and voltage response curves are obtained.
Analysis Of Extreme Conditions
When the wind power fluctuation is not considered, the installed capacity of the isolated grid is 640 MW, and a total load of 600MW is composed of plant electricity load, common auxiliary load and submerged arc furnace load. According to the proportion of plant electricity and common auxiliary load, the total load of the submerged arc furnace is about 480MW, so each submerged arc furnace load is 60MW. When the wind turbine reached 50MW maximum installed capacity, the calculation of the submerged arc furnace load can reach 530MW, therefore this paper sets the maximum load of each submerged arc furnace is 65MW. The minimum load of the submerged arc furnace appears when the electrode is blown or collapsed. According to the actual research data, when such a failure occurs, the submerged arc furnace load reduced to 70% of the original load level, so the minimum load of each submerged arc furnace is 45MW. From the above analysis and combined with the wind turbine capacity fluctuations, it is possible to derive the four extreme conditions under the wind turbine capacity and the submerged arc furnace load. The specific data of the four extreme conditions are shown in the coordinate axes, as shown in Figure 2 . The safety and stability simulation process of the isolated grid under the extreme conditions is shown in Figure3. First a group of the wind turbine capacity and submerged arc furnace load boundary value in the isolated grid should be defined, then RTDS is used to simulate the extreme conditions which are calculated by a set of boundary values. When a generator fails, appropriate measures should be taken to ensure frequency and voltagein the scope specified by the grid, so the isolated grid in this extreme condition can be safe and stable. When security measures can not make the system stable, it is necessary to redefine the the boundary value and then re-simulate the extreme conditions by RTDS. Under the four extreme conditions formed by a set of boundary values, the isolated grid can stabilize by means of appropriate security measures after the generator failed, then it's concluded that if the isolated grid operates inside this boundary conditions ,it will not lose stability. 
Simulation And Analysis

Fault Selection And Classification
In this paper, the extreme conditions are defined by the submerged arc furnace's load and the wind turbine's capacity. In the case of wind turbine's output and submerged arc furnace's load at the same level, the source and load configuration is more reasonable, so the system's security margin is large.While the wind turbine's capacity and submerged arc furnace's load are at the different level, so the security margin is small and prone to instability. The installed capacity of the isolated grid system is small, and the load level is high, so the spare capacity is limited. In any extreme condition, if the largest generator is cut off, the system need to take fast and accurate security measures to make the isolated grid stable. 10 The figure below shows that the voltage and frequency response curves for that 135MW thermal power plant is overhauled and the system does not take security measures. As can be seen from the figure, the system's voltage and frequency can not be maintained within the allowable range, and the isolated grid is in a instable state. In order to analyze the dynamic response of isolated grid under different extreme conditions, the following four typical examples are selected for simulation. （ 1）When the wind turbine output is at the maximum and the submerged arc furnace load is at the maximum, and then the 135MW generator is overhauled and carry out security measures; （ 2）When the wind turbine output is at the maximum and the submerged arc furnace load is at the minimum, and then the 135MW generator is overhauled and carry out security measures; （ 3）When the wind turbine output is at the minimum and the submerged arc furnace load is at the minimum, and then the 135MW generator is overhauled and carry out security measures; （ 4）When the wind turbine output is at the minimum and the submerged arc furnace load is at the maximum, and then the 135MW generator is overhauled and carry out security measures.
According to RTDS simulation steps, at first the parameters are adjusted so that the isolated grid can operate stably under non-fault conditions, then the 135MW generator is cut off and carry out the necessary security measures in order to restore the system to a stable level. In the RTDS platform, the actual situation of the generator failure outage can be simulated by cut off the circuit breaker at the exit of it in the RUNTIME operation interface.
Fault Simulation And Analysis
Based on the above classification method, the four typical operating conditions of the system are simulated by RTDS. Before simulating, the time parameter should be determined. First set the fault time of the circuit breaker at the generator exit, because the system needs to be in a stable state after the subsequent simulation experiments, so after the system steady-state operation to reach 6 seconds and then disconnect the circuit breaker. After the circuit breaker is disconnected for 0.2 seconds, and then to carry out security measures to restore the isolated grid. Using the RTDS software to record the frequency and voltage response characteristics of the system, and finally determine the corresponding control strategy. So the simulation of four extreme conditions are analyzed separately.
a.the wind turbine output is at the maximum and the submerged arc furnace load is at the maximum In this example, all six thermal power generators are running, the capacity of the wind turbine is 50MW, and each submerged arc furnace is the maximum value of 65MW. First the paper adjusts the actual capacity of thermal power and parameters of the reactive compensation device, so that the isolated grid is in a stable state. When the system is stable, the 135MW generator's circuit breaker was cut off and then cut off two submerged arc furnace loads after 0.2 seconds, finally the voltage and frequency of the isolated grid returns to the allowable range.
As shown in Figure 5 , because the voltage of submerged arc furnace fluctuates greatly, and the frequency of fluctuation is higher, so the voltage response curve appears as band. After the generator is cut off, the bus voltage fluctuates between 0.94pu and 1.055pu, and the voltage drops to near 1pu after the security measures are taken. After the generator is cut off, the frequency drops to 49.6Hz, when security measures are taken, the frequency fluctuates near 50Hz. In the case of such extreme conditions, it can be seen that the maximum capacity of the generator is removed and after using the security measures the voltage and frequency can be restored to the prescribed level. b.the wind turbine output is at the maximum and the submerged arc furnace load is at the minimum In this situation, all six thermal power generators are running, the capacity of the wind turbine is 50MW, and each submerged arc furnace is the minimum value of 45 MW. In this state, the capacity of generation is large, but the load is small, the thermal power generations are in a lower running level, the unit has a larger space to increase power generation. When the 135MW generator is cut off, removing one submerged arc furnace can make the system in a stable state. The rest of the process is similar to the previous example, the response of the voltage and frequency is shown in Figure 6 . After the generator is cut off, the bus voltage fluctuates between 0.95pu and 1.05pu, and the voltage drops to near 1pu after the security measures are taken. For the frequency response, after the generator is cut off, the frequency drops to 49.6Hz, when security measures are taken, the frequency fluctuates near 49.93Hz stability. In the case of such extreme condition, it can be seen that the maximum capacity of the generator is removed and using the security measures can restore the voltage and frequency to the prescribed level. c.the wind turbine output is at the minimum and the submerged arc furnace load is at the minimum
In this example, all six thermal power generators are running, the output of the wind turbine is 0MW, and each submerged arc furnace is the minimum value of 45 MW. In this extreme condition, the system power generation is relatively low and submerged arc furnace load is also low, due to the system spare capacity is small, so after the removal of 135MW generator, at the same time system need to remove two submerged arc furnaces in order to make the system stable. The response of the voltage and frequency is shown in Figuer 7. After the generator is cut off, the bus voltage fluctuates between 0.955pu and 1.09pu, and the voltage drops to near 1.03pu after the security measures are taken. For the frequency response, after the generator is cut off, the frequency drops to 49.6Hz, when security measures are taken, the frequency fluctuates near 50Hz. In the case of such extreme condition, it can be seen that the maximum capacity of the generator is removed and using the security measures can restore the voltage and frequency to the prescribed level.
d.the wind turbine output is at the minimum and the submerged arc furnace load is at the maximum In this example, all six thermal power generators are running, the output of the wind turbine is 0MW, and each submerged arc furnace is the maximum value of 65 MW. In this extreme state, the capacity of the generator is small, but the load is very large, so the generator is in a full generation state and space for the generator to increase capacity is small. At this point if the 135MW generator is cut off, the system should be cut more than 135MW load to make the system stable. In the simulation process, first adjust the equipment's parameters to make the isolated grid in a stable state, and then the 135MW generator's circuit breaker was cut off and after 0.2 seconds cut off three submerged arc furnace loads at the same time, finally the voltage and frequency of the isolated grid returns to the allowable range. The response of the voltage and frequency is shown in Figure 8 . After the generator is cut off, the bus voltage fluctuates between 0.94pu and 1.07pu, and the voltage drops to near 1pu after the security measures are taken. For the frequency response, after the generator is cut off, the frequency drops to 49.35Hz, when security measures are taken, the frequency fluctuates near 50Hz stability. In the case of such extreme conditions, it can be seen that the maximum capacity of the generator is removed and using the security measures can restore the voltage and frequency to the prescribed level.
SUMMARY AND OUTLOOK
Summary
In this paper, RTDS is used to simulate the frequency and voltage response of isolated grid system under extreme operating conditions. From the above results, it can be seen that the spare capacity directly affects the amount of load shedding during the security measures. When the capacity of the wind turbine is sufficient, the spare capacity of the system is large. If a generator fails, the other normal generator can increase the power, so that only cut a small amount of load can make the system stable. On the contrary, if the spare capacity of the system is small, when a generator fails, it needs more load to be cut off in order to maintain the stability.
It can be seen from the system parameter setting under each extreme condition, if the capacity of wind turbine and submerged arc furnace load at the same level, the source and load configuration is more reasonable. While the capacity of wind turbine and submerged arc furnace load at the different level, so the system security margin is small and prone to rise the instability phenomenon.
In this paper, the isolated grid operates steadily under four extreme conditions, and the use of accurate security measures after the generator failure can make the voltage and frequency back to normal level.
Therefore, it can be concluded that the isolated grid system designed in this paper is stable when the capacity of the wind turbine fluctuates from 0 to 50MW and each submerged arc furnace load fluctuates from 45MW to 50MW. When the largest generator fails, the proper security measures can still keep the system in a stable state.
Outlook
In this paper, the grid's spare capacity is limited, therefore the system must cut off the load in order to make the voltage and frequency fluctuations within the allowable range under each extreme condition. Due to the action set in the security measures are to cut off the entire submerged arc furnace load, so the amount of shedding load is discrete rather than the continuous. Since the the process of load shedding is not smooth, it is difficult to completely eliminate the unbalanced power due to the equipment failure by cutting off the entire submerged arc furnace load. Sometimes when the unbalanced power is small, an entire load is cut off can even aggravate the collapse of the system.
In order to increase the system's anti-interference capability and improve the system's frequency stability, it is possible to control the power of the submerged arc furnace in the future. There are many ways to control the power of the submerged arc furnace, such as the control of the electrode's depth or the control of the temperature inside the furnace. If the power of the submerged arc furnace can be controlled, the isolated grid could not cut off the entire submerged arc furnace after removing the generator to achieve a more prefect voltage and frequency control.
